Abstract. The article sets out to explore reasons for the development of shear strains and rutting in asphalt pavement as well as to suggest and describe the main methods for reducing the deformation. The impact of geosynthetic materials is defined through reological characteristics of asphalt: the modulus of elasticity and the viscosity of asphalt. The research has been conducted on the experimental road section in the city of Vilnius. The measurements have been based on the plate-bearing test. Sustaining the measurements results is defining the dependency of geosynthetics materials on the depth of rutting and the modulus of elasticity of asphalt concrete. The paper also includes regression equations which show the interdependence of the modulus of elasticity of asphalt concrete and the depth of rutting.
Introduction
Asphalt concrete under the influence of freight traffic is subjected to stress which leads to a variety of strains.
Rutting is one of the main types of strains, which are difficult to count and simulate due to the following reasons [1] :
1. The key relations between material characteristics are non-linear and complex. The majority of materials of asphalt concrete are difficult to define due to a frequent impact of the repeated mobile loading.
2. The changes of material characteristics under heavy loading and high temperature set up a prerequisite to investigate asphalt concrete as viscoelastic material. However, materials of the road base, frost-resistant courses and the embankment hardly depend on the above variables.
3. The temperature and humidity of the materials differ in each cycle of repeated loading. Therefore it is important to predict mechanisms of rut formation in different types of material, structures, traffic flows and the environment.
The reasons of residual strains lie in the compaction of different pavement layers (structural ruts) and shear strains (ruts in the wearing course of asphalt concrete).
The first problem of rutting has been dealt with in order to decrease vertical stress on the surface of the road base. Such strains emerge in all layers of flexible pavement. There was a solution found by reinforcing the base, ie increasing its elastic modulus.
Ruts occurring in the wearing course of asphalt concrete seem to cause a more serious problem. Ruts emerge as a result of accumulated residual strains in the wearing course of asphalt concrete [2] .
Ruts are treated as dangerous defects, since they might cause danger for traffic, especially when the pavement is wet [3] . The maximum permissible depth of ruts in the Republic of Lithuania is 20 mm. The results of measured rutting [4] have testified that presently about 2 % of the road network exceed the maximum permissible limit of rut depth (Table 1) . The main reason for shear strains is concerned with shear stress occurring in asphalt concrete pavement in operation [1] . The probability of shear strains in asphalt concrete is higher when the pavement temperature is high [5] . Neutralising stresses` and increasing the stress resistance of asphalt concrete could solve the problem.
The problem has been in the focus of attention of researchers for years. The first attempts to solve it were made in the beginning of 1950, when research focused on improving the characteristics of asphalt concrete by improving the indicators of asphalt concrete mixture.
A number of tests have been carried out to investigate the impact of the interior angle of friction of asphalt concrete mixture on rutting and skid-resistance [2] . The parameters vary depending on particle size analysis of asphalt concrete mixture, the amount of bitumen and its cohesion with aggregate. Also the parameters depend on the temperature of the environment. The results were obtained by the three-axle method and simulating the dynamic load. The investigation has resulted in establishing that two parameters are equally important for the shear stress resistance of asphalt concrete. The higher the cohesion and the interior friction angle, the higher the bearing capacity of asphalt concrete.
The form and nature of aggregate has considerable impact on the characteristics of asphalt concrete mixtures. The impact of those variables is identified in a laboratory, on the basis of the depth of rutting in asphalt concrete [6] . If the material used is split or of a higher quality, ruts are not so deep. Also the characteristics of dynamic stiffness, stability and durability are improved.
Mineral fillers are the part of asphalt mixture, which determines the properties of asphalt concrete. The influence of these materials on the strength properties of asphalt concrete has been established with the help of mathematical modelling and laboratory work [7] .
The particle size of the asphalt mixture and the amount of bitumen exert a considerable impact on physical and mechanical characteristics of asphalt concrete, which, in their turn, influence the formation of shear strains in asphalt concrete pavements. The optimum amount of bitumen and the particle size improve the physical and mechanical characteristics of asphalt concrete as well as shear stress resistance of asphalt concrete [8] .
Over the years, quite extensive research has been done on using bitumen in asphalt concrete mixture. It has been identified that the depth of rutting depends on the stiffness of asphalt concrete mixture, which, in its turn, depends on the stiffness of bitumen [9, 10] . To reduce the depth of rutting, there is also a polymer-modified bitumen used.
Previous research has measured and assessed the reological parameters of asphalt concrete [11] .
Rutting is a serious problem. It has been dealt with applying both -traditional (mixtures of crushed granite and asphalt concrete mastic, all sorts of additives in asphalt concrete mixtures) as well as modern methods. One of the latter is concerned with geosynthetic-reinforced asphalt concrete.
Reinforcing pavements is not an absolutely new phenomenon; it has been sufficiently well investigated. However, the majority of investigations have been concentrated on reinforcing the road base and the embankment by geosynthetics [12, 13] . Research into reinforcing asphalt concrete has been concerned with the prevention of reflection cracking [14, 15] . However, very little research has been conducted into the impact of reinforced asphalt concrete on the formation of plastic and shear strains in asphalt concrete.
In Lithuania geosynthetic materials were first used in 1996 with the purpose of reducing reflection cracking. As a result several observations were made. They had no scientific grounding on how geosynthetics influences shear strains and rutting.
The present study aims at establishing the practical benefit of the reinforcement with geosynthetic materials, which would reduce shear strains and rutting.
The impact of geosynthetic reinforcement on the characteristics of asphalt concrete
Asphalt concrete is a type of material which is produced by compacting a special mixture, consisting of crushed rock or gravel, sand or crushed stone, filler and bitumen, all selected in relevant proportions. Asphalt concrete acquires the required physical and mechanical qualities only after compaction.
Under different environmental conditions asphalt concrete can have different forms of physical existence:
• Plastic;
The theory of elasticity and plasticity describes the qualities of asphalt concrete exclusively at some selected points of states of existence and does not provide a complete view of asphalt concrete operation. It is reology, a science about the fluidity of materials, that gives the most complete and precise description of the asphalt concrete operation. When making the calculating model of asphalt concrete, reology makes use of dependences of several mechanical models. For investigating the asphalt concrete as viscoelastic material, usually Burgers' model is considered the most appropriate [16] and described by the following dependence:
where σ stands for stresses, E 0 − modulus of elasticity of an element series, E 1 − modulus of elasticity of an isolated element, T 0 , T 1 − time of relaxation of asphalt concrete,
However, viscoelastic materials are best characterised by another parameter, creep compliance, which in a general case is expressed as:
where ε(t) stands for a time-dependent strain under the influence of continuous loading. When describing viscoelastic materials according to Burgers' model, the creep compliance is expressed in the following manner:
Reinforcing is a structural measure increasing strength. Reinforcing road pavement is concerned with increasing pavement resistance to a variety of stresses and improving its strength characteristics. It refers to mobilising stresses in some layers, more specifically, in geosynthetics and higher values of some selected parameters.
When reinforcing pavement by geosynthetics, the reological model of asphalt pavement changes. On the basis of equation (3), reflecting the creep compliance of asphalt concrete, the following assumptions can be made:
• Reinforcing asphalt concrete by geosynthetics influences its modulus of elasticity (E), • Reinforcing asphalt concrete by geosynthetics influences its viscosity (η). The above characteristics are the key factors in deciding the resistance of asphalt concrete to shear strains.
The above stress interpretation [9, 16] and the results of the investigation of reinforced pavement [17, 18] lead to a conclusion that the modulus of elasticity of asphalt concrete is influenced by reinforcement.
Asphalt concrete viscosity characterises the period of asphalt concrete strain under shear stresses and determines asphalt concrete in one or another physical condition. Higher viscosity characterises asphalt concrete as an elastic body and vice versa. In the elastic asphalt concrete no shear strains emerge.
The model is expressed as:
refers to a reduced modulus of elasticity of an element series;
modulus of elasticity of an isolated element;
− reduced viscosity of an element series;
− reduced viscosity of an isolated element; k E , k E1 , k T0 , k T1 − indices reflecting the impact of reinforcing on isolated elements of the reological model. The parameters are presumptive. After the research is completed, the parameters will be proved or refuted.
Experimental research
The impact of reinforcement on the characteristics of asphalt concrete is identified in a laboratory or experimental sections in roads [17] . There are several testing methods; however, the main principle remains the same. The testing is performed on a laboratory stand or experimental sections on roads, where the pavement structure is being tested. One or several sections are reinforced by geosynthetics; one section is not reinforced and serves as a control testing section. Loading on the pavement structure, depending on the testing method, can be transferred by a dynamic load plate test as well as a wheel load test, which simulates the traffic load or when the traffic is not interrupted, on the testing section. The key aim of investigating reinforced pavement is to identify the impact of geosynthetics and to assess its efficiency when the asphalt concrete pavement is in operation [17, 18] .
At the time of testing the values of a number of quality and quantity parameters as well as their dependence on reinforcement are identified [17, 18] .
The key aims of research are as follows: • To verify previous assumptions on which characteristics of asphalt concrete are mostly influenced by reinforcement.
• To identify the importance of these factors.
• To substantiate the efficiency of reinforcement of road structures. To attain the above aims, the following objectives have been set:
• To identify during the plate load test the dependence between the depth of plate sinking and the load under different temperatures.
• To identify strain characteristics of asphalt concrete:
the modulus of elasticity of reinforced road structures.
• To identify values of the modulus of elasticity of asphalt concrete and its viscosity in their dependence on reinforcing by geosynthetics.
To be able to identify the impact of reinforcement on the variability in the modulus of elasticity of asphalt concrete and its viscosity, the authors initiated the construction of a testing section.
The experimental section
In the city of Vilnius, there has been a testing road section constructed (Fig 1) . The experimental section has been constructed in September 2004 and was geosynthetic-reinforced (Fig 2) .
In order to identify the impact of reinforcement on the reological characteristics and strains of asphalt concrete, a layer of asphalt concrete was reinforced; ie geosynthetics was laid between the first and the second layer of asphalt concrete.
The experimental pavement construction consists of the following layers (Fig 2) : The asphalt concrete layers on the whole testing section were of equal thickness, of the same type and composition. The elasticity modulus of the road base, frostresistant layers and the embankment was the same on the total length of the asphalt concrete section; therefore, it is taken as a non-variable value. Hence, the variability of different values is associated solely with the reinforcement of asphalt concrete.
During the first stage of experimental research the following parameters have been measured: the modulus of elasticity of asphalt concrete E, the depth of rutting. The first measurement of the depth of rutting was accomplished in April 2005, the second -in September, immediately after the hot season. The modulus of elasticity was measured in September 2005. Table 3 provides the results of experimental measurements based on the plate-bearing test [19] .
The modulus of elasticity has been measured 10 times in every sector with a different geosynthetic. The numbers of experimental measurements have been calculated on the basis of previous measurements of the same pavements construction. The depth of rutting has been measured 10 times in sectors with geogrids and 20 times in sectors with geotextiles.
The rutting depth has been measured in different seasons of the year with the purpose to estimate how geosynthetics influences the development of these strains in different seasons.
The analysis of experimental data
The analysis begins with the rutting depth. Fig 3 and Table 3 present the depths of rutting after two measurements. After the first measurement in spring, it has been identified that the rutting depth does not depend on the geosynthetic material.
In section without geosynthetics, the depth of rutting was less than in sections with geosynthetics.
However, after the second measurement the influence of geosynthetics has been clearly identified (Fig 3) .
The regression analysis (Figs 4−6) has shown a clear relationship between the depth of rutting and the modulus of elasticity of asphalt concrete, particularly in the first case of rutting. However, the relationship between the increase of the depth of rutting and the modulus of elasticity of asphalt concrete is not marked.
Below is shown the statistical expression of the dependence of the first measurements of the rutting depth on the modulus of elasticity:
Fitted regression model: 
R-Squared = 94,3 %, F-Ratio = 83,1. The statistical expression of the dependence of the second measurements of the depth of rutting on the modulus of elasticity is as follows:
Fitted regression model:
The numerical expression of the fitted regression model:
R-Squared = 66,2 %, F-Ratio = 9,8.
The statistical expressions of dependence of the increase of the depth of rutting on the modulus of elasticity are follows: The rutting depth, mm
The modulus of elasticity, MPa
The rutting depth , mm
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where: i y -the observed value of Y; i ŷ -the predicted value from the fitted model.
Little R-squared shows low relations in the fitted regression model. The last regression dependence must be eliminated from the statistical analysis. Low correlation coefficient and low R-squared show that statistical relations are non-existent. Consequently, the modulus of elasticity does not influence the development of rutting in a hot season.
The adequacy of the regression model verified the sustained statistical parameter F (dispersion ratio) and calculated it in the following manner: 
where 2 y S − the dispersion of regression model;
2 res S − the residual dispersion. F-value is compared with F cr (F critical); if F-value >F cr , the model is adequate. Hence, the first and the second regression models are adequate (F-ratio >1); and the third model is inadequate.
The homogeneity of variance was checked by applying the Bartlett criterion to determine if there is any statistical difference in the stability of the components calculated from the test data on various samples [20] . When the calculated B (Bartlett criterion) is lower than χ 2 (chi-squared), the null hypothesis is adopted.
where: ⎯S -average weighed standard deviation, % and calculated by the formula: (14) where: S i -standard deviation of the content of measurements; %; k i -degree of freedom 1
l -number of the compared measurement locations.
All variance is homogenous, because the Bartlett criterion is lower than the chi-square values (Table 4) . All statistical dependencies, Bartlett criterion, multiple regression coefficient (R-squared), chi-squared, F-Ratio and other statistical parameters have been calculated with the statistical software Statgraphics Centurion XV.
The coefficient of reinforcement shows the increase of the elasticity modulus on two experimental sections. In other sections the modulus is less than on sections that have not been reinforced.
The coefficient k E can be used in Eq (4) to calculate creep compliance.
Because the relation between the increase of the depth of rutting and the modulus of elasticity of asphalt concrete is low, so are the other factors, which influence this increase. To this end the research is being continued.
Conclusions
1. Geosynthetics has been used to decrease shear strains in asphalt concrete layers without any obvious scientific grounding, exclusively on the basis of theoretical assumptions. The present research has shown that on several occasions the use of some materials is inexpedient.
2. The research has established the dependence of the rutting depth on the modulus of elasticity as the first condition of rutting. In its turn, the modulus of elasticity of asphalt concrete depends on the type of geosynthetic material used. To improve the strength properties of asphalt concrete it is expedient to use geogrids.
3. The accomplished research into reinforced asphalt concrete has established that the rutting depth depends on the type of geosynthetic material used. The rutting depth increases from 1,4 to 2,2 times with geosynthetic materials and 3 times without a geosynthetic material. However, to reduce shear strains and rutting, it is expedient to use geogrids. 4 . The deduced regression model allows calculating the rutting depth sustaining the measured modulus of elasticity of asphalt concrete. With reference to a previously accomplished experimental research, it is possible to estimate the efficiency of geosynthetic materials in asphalt concrete pavements and increase the modulus of elasticity of asphalt concrete. The regression model can by used to predict the rutting depth in new asphalt concrete pavements. The increase of the modulus of elasticity by 10 % reduces the depth of rutting by 14 %.
